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One of the complications of the novel coronavirus disease 2019 (COVID-19) is hypercoagulability. For this reason, patients
presenting with COVID-19 are often put on therapeutic or intermediate anticoagulation upon hospitalization. A common issue of
this anticoagulation is the progression to hypocoagulability resulting in hemorrhage. -erefore, monitoring the hemostatic
integrity of critically ill COVID-19 patients is of utmost importance. In this case series, we present the cases of three coagulopathic
COVID-19 patients whose anticoagulation was guided by thromboelastography (TEG). In each case, TEG permitted the clinical
team to simultaneously prevent thrombotic and hemorrhagic events, a difficult task for COVID-19 patients admitted to the
intensive care unit. -e first two cases illustrate the utility of TEG to guide anticoagulant dosing for COVID-19 patients when the
activated partial thromboplastin time (aPTT) is inaccurate.-e first case was a severely ill COVID-19 patient with end-stage renal
disease and a falsely elevated aPTT secondary to hypertriglyceridemia. -e second case was a severely ill COVID-19 patient with
chronic pulmonary disease who demonstrated a falsely elevated aPTTdue to polycythemia and hemoconcentration. In both cases,
TEG was sensitive to the hypercoagulability caused by the metabolic derangements which enabled the goal-directed titration of
anticoagulants. -e last case depicts a severely ill COVID-19 patient with an inherited factor V Leiden mutation who required
abnormally high dosing to achieve therapeutic anticoagulation, guided by TEG. Hypercoagulopathic COVID-19 patients are
difficult to anticoagulate without development of hypocoagulopathy. Treatment of these patients demands goal-directed therapy
by diligent laboratory monitoring. -is can be accomplished by the use of TEG coupled with aPTT to guide anticoagulation. -is
case series illustrates the necessity for active hemostatic monitoring of critically ill COVID-19 patients.

1. Introduction

-ere has been dispute regarding the anticoagulation of
patients diagnosed with the novel coronavirus disease 2019
(COVID-19) [1]. Initially, there was support for

anticoagulation due to the high rates of thrombosis in
COVID-19 patients in the intensive care unit, but standard
doses of low-molecular-weight heparin and unfractionated
heparin (UFH) may lead to hemorrhage in these patients
[2–7]. A recent large United States trial regarding
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therapeutic anticoagulation of critically ill COVID-19 pa-
tients was discontinued because of the high rate of hem-
orrhage [8]. Determining a standard for anticoagulation was
an attractive goal for the study, but the high doses of
anticoagulation had proven to be potentially lethal.

-ese high rates of clotting and hemorrhage in COVID-
19 patients prompted us to assemble a coagulation com-
mittee. -is committee’s goal was to prevent thrombosis in
COVID-19 patients while simultaneously reducing the oc-
currence of clinically significant hemorrhage. -romboe-
lastography (TEG) was an appealing test for hemostatic
monitoring due to its proven benefits in extracorporeal
membrane oxygenation (ECMO) and trauma and its recent
use in other studies regarding anticoagulation of hyper-
coagulopathic COVID-19 patients [9–13]. -is case series
illustrates the use of TEG in administering anticoagulation
of three COVID-19 patients and preventing hemorrhage
(Table 1). No written consent has been obtained from the
patients as there is no patient identifiable data included in
this case series.

2. Case 1: TEG-Guided Anticoagulation in a
COVID-19 Patient with Falsely Elevated
aPTT Caused by Hypertriglyceridemia

A 24-year-old Hispanic male with a 2-year history of end-
stage kidney disease requiring dialysis was hospitalized with
critically severe COVID-19 pneumonitis. At admission,
Doppler ultrasound of all four extremities was negative for
deep vein thrombosis (DVT). He was administered 5,000
units of subcutaneous (SQ) UFH every eight hours for DVT
prophylaxis. In addition, he received an intravenous (IV)
UFH infusion because of the recent history of clotting di-
alysis lines. Seven days after admission, because of respi-
ratory insufficiency and deterioration, he was endotracheally
intubated and mechanically ventilated. Nine days after
admission, he had an activated partial thromboplastin time
(aPTT) of 50.2 seconds; however, TEG demonstrated ex-
cessive hypocoagulability with a prolonged reaction time (R)
(Figure 1). His heparin drip was stopped, and the overall
dose was decreased to include only 5,000 units SQ UFH
every twelve hours. -e following morning, TEG was
consistent with hypercoagulability, but the aPTT measured
122.6 seconds by optical clot detection and 81.2 seconds by
mechanical clot detection (measured using the Sysmex CA-
1500 with reagents Innovin and CaCl2, Siemens Medical
Solutions, Malvern, Pennsylvania, USA) (Figure 1). Tri-
glycerides were 1,456mg/dL and D-dimer was trending
upward. It was discovered that the aPTT measurement by
optical clot detection is only accurate to triglyceride levels
<331mg/dL according to the manufacturer, and thus, aPTT
was falsely prolonged due to the lipemia. For the rest of his
stay, TEG guided anticoagulation dosing of SQUFH ranging
between 5,000 and 7,500 units every eight hours. TEG en-
abled an individualized regimen to prevent clotting and
hemorrhage from dialysis lines despite the hemostatic
dysfunction from COVID-19 superimposed with hyper-
triglyceridemia and renal failure.

3. Case 2: TEG-Guided Anticoagulation in a
COVID-19PatientwithFalselyElevatedaPTT
Caused by Excessive Hemoconcentration

A 66-year-old Caucasian male with a history of chronic
obstructive pulmonary disease and DVTs on chronic
rivaroxaban was admitted with a moderately severe COVID-
19 pneumonitis and appropriate secondary polycythemia.
Doppler ultrasound of the extremities was negative for DVT
at admission. Home rivaroxaban was stopped, and he was
started on 9 units/kg/hr IV UFH for DVTprophylaxis. Two
days after admission, he was started on furosemide 40mg IV
every twelve hours for pulmonary edema. Nine days after
admission, the polycythemia was worsened to a hemoglobin
of 21.4 g/dL, likely due to hemoconcentration and the
COVID-19 inflammatory response. Titration of UFH was
guided by aPTT every six hours and daily TEG. A sudden
increase in the aPTT to 82.3 seconds occurred when the
patient’s polycythemia increased beyond 21.4 g/dL. Based on
the elevated aPTT, the clinical team reviewed the patient’s
TEG tracing which demonstrated a lack of full anti-
coagulation despite an elevated aPTT (Figure 2). Review of
the patient’s rising hemoglobin and of the effect of the
hemoconcentration on the aPTT revealed that, for hemo-
globin more than 21 g/dL, the presence of citrate in the
sample causes false elevation, rendering the aPTT ineffective
in guiding anticoagulation in this patient. -ereafter, TEG
guided UFH dosing between 7 and 9 units/kg/hr to achieve a
target R of 12–17 minutes because the secondary polycy-
themia produced an inaccurate aPTT.

4. Case 3: TEG-Guided Anticoagulation in a
COVID-19 Patient with Inherited
Hypercoagulable State

A 49-year-old Caucasian male with a factor V Leiden
mutation was admitted with COVID-19 pneumonitis.
Doppler ultrasound screening of all four extremities was
negative for DVT. He was started on IV UFH 8 units/kg/hr
for DVT prophylaxis. One day after admission, aPTT was
32.9 seconds and within normal limits, but TEG demon-
strated borderline hypercoagulability (Figure 3). -e UFH
dose was increased to 10 units/kg/hr IV. -e same day,
persistent heparin resistance prompted further dose esca-
lation to 12 units/kg/hr. For the rest of his hospitalization,
TEG guided goal-directed anticoagulation despite his hy-
percoagulable baseline (Figure 3), enabling us to achieve
target aPTT of 40–50 seconds and R of 12–17 minutes with
IV UFH 12–13 units/kg/hr. No thrombotic or hemorrhagic
complications occurred prior to discharge.

5. Discussion

COVID-19 induces distinctive changes at the endothelium
causing an endotheliitis [14]. -e acute inflammatory re-
sponse at the endothelium is marked by the permeating
phagocytic cells releasing cytokines such as tumor necrosis
factor-α, interleukin-1 (IL-1), IL-6, and IL-8 [15, 16]. -is
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may be described as the “cytokine storm” in extreme cases.
In turn, these cytokines activate factor XII, beginning the
intrinsic coagulation cascade resulting in thrombin

formation. Moreover, upregulation of plasminogen activator
inhibitor 1 expression impairs fibrinolysis [17]. -ese
pathophysiologic immune changes procure the
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Figure 2: Nine days after admission, TEG demonstrated subtherapeutic anticoagulation in the setting of prolonged aPTT because of
hemoconcentration and polycythemia. R: reaction time; K: clot formation time; α: alpha angle; MA: maximum amplitude; LY30: percent
lysis at 30 minutes.

Table 1: Patient demographics.

Patient 1 Patient 2 Patient 3
Demographics
Age (years) 24 66 49
Sex Male Male Male
BMI (kg/m2) 33.3 32.8 33.0
Comorbidities
Cardiovascular disease No No No
Chronic renal failure Yes No No
Hypertension Yes Yes Yes
Immunosuppression No No No
Type II diabetes mellitus No No No
Expiration No No No
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Figure 1: Nine days after admission, the aPTTand TEG concurred with a supratherapeutic hypocoagulable state, and the heparin drip was
stopped (dashed lines).-e next day, TEG demonstrated a hypercoagulable state and aPTTwas discovered to be falsely prolonged due to the
hypertriglyceridemia (dotted lines). R: reaction time;K: clot formation time; α: alpha angle; MA: maximum amplitude; LY30: percent lysis at
30 minutes.
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hypercoagulable state often found in critically ill COVID-19
patients. However, as the cytokine storm recedes, these
patients may develop a sensitivity to anticoagulation, which
causes them to bleed. Hence, the risk of thrombosis in these
patients evolves to a risk of bleed [18, 19].

-e immunothrombotic changes induced by COVID-19
may not be unique. -e endothelial surface may undergo
similar pathology as found in ECMOpatients as well as those
with trauma-induced coagulopathy [10, 20]. -e level of
anticoagulation necessary to prevent thrombosis is likely a
function of the magnitude of inflammation and the cytokine
storm. As the cytokine storm wanes, intense monitoring and
adjustment of the patient’s hemostatic integrity with daily
TEG and aPTT enable those responsible for COVID-19
anticoagulation to prevent thrombohemorrhagic compli-
cations in these critically ill patients. Based on the treatment
of patients on ECMO, we elected to handle COVID-19
hypercoagulopathy with persistent monitoring by a coag-
ulation team that followed the clinical pattern, TEG, and
aPTT to guide anticoagulation [10]. We have found this
strategy to be effective in guiding goal-directed anti-
coagulation of our COVID-19 patients, including the three
examples above.

Limitations of TEG include the inability to replicate the
effects of endothelium on hemostasis, negligible effects of
endogenous anticoagulants, and a very low shear within a
closed system. Furthermore, there has been recent discus-
sion regarding the reliability of TEG to accurately detect and
quantify hyperfibrinolysis [21].

Data Availability

No data were used to support the findings of this study.
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